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ABSTRACT
An analysis of covariance design was used to determine 
the effects of sex and weight, while a four factor design 
was used to determine the effects of salinity and temperature 
on the oxygen consumption of Callinectes sapidus Rathbun.
The factors and their levels were as follows: acclimation 
temperature, 10°C, 24°C; acclimation salinity, 10°/oo,
20°/oo, 30°./oo; experimental temperature, 10°C, 17.5°C,
25°C; experimental salinity, 10°/oo, 20°/oo, 30°/oo. A 
closed system respirometer was used, and oxygen levels were 
measured polarographically.
Under uniform conditions great variability between 
crabs was encountered in the oxygen consumption rates.
Weight specific oxygen consumption was found to decrease 
with increasing wet weight from 2 0 to 200 grams. Sex has 
no effect on oxygen consumption over this same weight 
range. Oxygen consumption is little affected by experi­
mental salinities from 10°/oo to 30°/oo. Acclimation to 
10°/oo and 3 0°/oo has no effect on the oxygen consumption 
of 24°C acclimated crabs, but for crabs acclimated to 10°C, 
simultaneous acclimation to 10°/oo produces higher oxygen 
consumption rates than acclimation to 30°/oo. While oxygen 
consumption increases significantly with experimental 
temperature from 10°C to 25°C, consistent increases are 
exhibited only by 10°C acclimated crabs. The oxygen con­
sumption of 24°C acclimated crabs increases greatly from 
10°C to 17.5°C but is relatively independent of temperature 
from 17.5°C to 2 5°C. The expected higher rate function 
of 10°C acclimated crabs over 24°C acclimated crabs does 
not occur for the intermediate experimental temperature and 
is attributed to incomplete acclimation. It was found during 
the study that C. sapidus regulates its oxygen uptake 
relatively independent of the dissolved oxygen supply down 
to an average critical level of 2.5 mg/1. This level is 
unaffected by sex or weight.
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THE EFFECTS OF INTRINSIC AND ENVIRONMENTAL FACTORS 
ON THE OXYGEN CONSUMPTION OF THE BLUE CRAB, 
CALLINECTES SAPIDUS RATHBUN
INTRODUCTION
Historically, research on the blue crab, Callinectes 
sapidus Rathbun, has been stimulated by its abundance and 
economic importance. Increasing interest in the effects of 
environmental pollution on this valuable resource, as well 
as interest in mariculture of the crab, has prompted a 
shift in research emphasis to physiological aspects 
(Tagatz, 1971).
The oxygen consumption of the blue crab has, however, 
been studied by both early and recent investigators. For 
this reason some information about the effects of intrinsic 
and environmental factors on the crab's oxygen consumption 
is available. It has been suggested or demonstrated that 
the blue crab is an oxyconformer (Amberson, et al., 1924), 
sex has no effect on the oxygen consumption of selected 
excised tissues (Vernberg, 1956), the crab's oxygen con­
sumption increases with temperature (Scholander et a l . , 
1953; Leffler, 1972), and its metabolism is higher in 
decreased salinity (King, 1965) . In addition, the oxygen 
consumption of the blue crab has been related to habitat 
(Ayers, 1935) and has been used as an indicator of both 
sodium fluxes across gill membranes (Mantel, 1967) and
2
3thermal acclimation (Robert, 1971). The effect of weight 
on the crab's oxygen consumption has not been investigated, 
however, and only Robert (1971) and, possibly, Ayers (1938) 
have determined the oxygen consumption of intact, adult 
crabs.
The present study is designed to supplement existing 
studies on the oxygen consumption of the blue crab by pro­
viding information on the effects of sex and weight on 
the oxygen consumption of intact crabs and the effects of 
temperature and salinity on the oxygen consumption of 
intact, male adult crabs.
METHODS AND MATERIALS
Experimental Design
An experimental design for the analysis of covariance 
was used to determine the effects of sex and weight on the 
oxygen consumption (standard metabolism) of Callinectes 
sapidus. The intent was to determine the oxygen consumption 
for crabs from a wide range of weights and to compare the 
effect of weight for both sexes. The 20-200 gram weight 
range was subdivided into nine 2 0-gram ranges, and a quota 
of six crabs for each sex was assigned to each range.
Throughout the experiment, crabs were selected randomly 
until all the quotas were filled.
A 2 x 2 x 3 x 3  factorial design with five replicates 
was used to determine the effects of temperature and 
salinity on the oxygen consumption of adult male crabs.
The factors were fixed, and their levels were as follows:
Factor #1 (acclimation temperature): 10°C, 24°C 
Factor #2 (acclimation salinity): 10°/oo, 30°/oo 
Factor #3 (experimental temperature): 10°C, 17.5°C, 25°C 
Factor #4 (experimental salinity): 10°/oo, 20°/oo, 30°/oo
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5Experimental Animals
The crabs for the sex-weight experiment were captured 
in a boat basin on the western side of Gloucester Point, 
Virginia, in May and June, 1972. The salinity ranged from 
6.7°/oo to 14.9°/oo, and the temperature ranged from 2 0.5°C 
to 25°C. Six standard crab pots (Van Engel, 1962) were 
fished every morning during the experiment, and all inter- 
molt crabs of the predetermined weight range were taken. 
Crabs with injuries or missing appendages were discarded.
The crabs were held for at least one hour in the 
laboratory in a 1.22 m x 1.22 m x 0.25 m epoxy-coated 
wooden tank with continuously flowing, unfiltered York River 
water. The salinity ranged from 10.3°/oo to 15.2°/oo while 
the temperature ranged from 20.5°C to 26°C. Crabs were 
selected for each run of the experiment on the basis of 
how close they were to a fixed point in the tank. Crabs 
not used on any particular day were discarded.
Intermolt male crabs weighing from 150 to 220 grams 
for use in the temperature-salinity experiment were captured 
in pots in open water on the eastern side of Gloucester 
Point, Virginia, from July through September, 1972. The 
salinity ranged from 12°/oo to 18°/oo, and the temperature 
ranged from 23.5°C to 28°C. Injured crabs or crabs missing 
chelae were discarded, but a shortage of crabs at this time 
and location made it necessary to accept crabs with no more 
than one missing leg. All of the crabs were elastrated to
bprevent cannibalism (Haefner, 1971).
The crabs were held in recirculating York River water 
in two 1.22 m x 2.44 m x 0.31 m fiberglass tanks equipped 
with granular dolomite filters. The tanks were used in two 
shifts to accommodate each of the four possible combinations 
of acclimation conditions. Although 4 5 crabs were needed 
for each test, 60 were placed in each tank to allow for 
loss by death or escape.
One tank was equipped with a refrigeration unit for 
regulating water temperature within +1°C. Crabs placed in 
this tank were exposed to 10°C at a decrement of about 
1.5°C per day. Crabs in the second tank were held at room 
temperature (24+2°C). Salinities in both tanks were 
regulated to within +l°/oo by daily monitoring and adjust­
ment with either well water or commercial saltwater 
aquarium salt.
The crabs were subjected acutely to the acclimation 
salinities because Tagatz (1971) reported that the body 
fluids of blue crabs require less than one day to adjust 
osmotically to a new salinity. The crabs were held at 
their acclimation conditions for 10-14 days before they 
were used and were fed daily with pieces of squid mantle. 
Crabs for which oxygen consumption was to be measured 
were not fed for at least 18 hours prior to the determina­
tion.
7Equipment
The oxygen consumption of C . sapidus was determined 
in a closed system respirometer (Fig. 1), which was de­
signed so that two simultaneous determinations could be 
made. Each of the two animal chambers had a volume of 
3025 milliliters and was constructed of 6.35 mm Plexiglas 
(Fig. 2). The chambers consisted of 14.5 cm lengths of a 
16.4 cm diameter Plexiglas cylinder closed off at the ends. 
The opening in each chamber was made tangential to the 
curvature of the chamber wall. This geometry aided in 
the removal of air bubbles prior to sealing the openings 
with #15 rubber stoppers. Each chamber was equipped with 
a pneumatic magnetic stirrer. The chambers were submerged 
in a 100.5 cm x 49.5 cm x 25.5 cm water bath built from 
6.35 mm Plexiglas, and the entire assembly was placed in 
a cold room, which allowed the determinations to be run in 
the dark with thermostatic temperature control.
The concentration of oxygen in the chambers was 
monitored continuously using Yellow Springs Instrument 
Company models 5420A and 5418 oxygen probes, each con­
nected to its own YSI model 54 oxygen meter. The meters 
were connected in turn to a single YSI model 81A dual 
channel recorder (Fig. 1). Special fittings for the 
oxygen probes were made from plastic pipe fittings and 
were built into the rubber stoppers used to seal the 
animal chambers (Fig. 3).
FIGURE 1. Complete respirometer assembly used to determine 
the oxygen consumption of Callinectes sapidus.
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FIGURE 2. Animal chambers from the respirometer showing 
the geometry of their construction.
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FIGURE 3. Detail of the construction of the oxygen probe 
fittings (bottom view on left, top view on 
right) used in the animal chambers. A probe 
has been inserted into the stopper on the left.
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Salinities in the sex-weight experiment were determined 
through the use of USCGS hydrometers to a probable precision 
of +2°/oo. Salinities in the temperature-salinity experi­
ment were determined with a Beckman RS-7A induction 
salinometer to the nearest 0.l°/oo. Temperatures for both 
experiments were determined with a stem thermometer to the 
nearest 0.1°C.
Crabs were weighed to the nearest 0.1 gram on a triple 
beam balance. Volumes for the crabs from the sex-weight 
experiment were determined to the nearest 5 ml by water 
displacement, either directly in a graduated cylinder or 
indirectly by collecting the overflow from a reservoir 
containing the crab. Volumes for the crabs from the 
temperature-salinity experiment were determined from a plot 
of volume against weight compiled for the crabs from the 
sex-weight experiment (see Appendix I).
Respirometric Technique
Although the basic respirometric technique was the 
same for both experiments, several differences did exist.
For the sex-weight experiment, the water bath consisted of 
continuously flowing, filtered (10 microns), aerated York 
River water. The oxygen probes were calibrated by placing 
them in the aerated influent stream and referring to charts 
compiled for determining saturation values for dissolved 
oxygen in waters of differing temperatures and salinities
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(Green and Carritt, 1967). Calibration was performed for 
every run. Temperature was determined for every run, and 
salinity was monitored after every third or fourth run.
After calibration, the chamber stirrers were turned on. A 
crab was placed into each chamber and was allowed 30 minutes 
to adjust to the apparatus. An airstone was put into each 
chamber during the adjustment period to prevent premature 
depletion of the dissolved oxygen supply. The crabs were 
not restrained in this experiment because injury to the 
smaller crabs could not have been avoided. Blanks were run 
periodically to test for background respiration by bacteria 
and other organisms. This was done by monitoring the 
oxygen level in a sealed animal chamber not containing a 
crab. No background respiration was detected.
When the crabs had settled down in the chambers, the 
airstones were removed and the chamber stoppers were set in 
place. The oxygen probes were fitted into the stoppers and 
the room was darkened to prevent visual stimulation of the 
crabs. When the dissolved oxygen values reached 50% satura­
tion as indicated on the recorder tape, or one hour had 
passed, the crabs were removed from the chambers, and the 
chamber water was discarded. The crabs were blotted dry 
and weighed. After volume determination, crabs were placed 
in preweighed trays in an oven at 87+5°C and dried to con­
stant weight, a process which took five days.
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Preliminary information was desired about the effect 
of decreasing dissolved oxygen levels on the oxygen con­
sumption of the blue crab. Therefore, several of the 
larger crabs from the sex-weight experiment were retained 
in the animal chambers and were allowed to deplete their 
dissolved oxygen supply to low levels.
For the temperature-salinity experiment, the water 
bath was closed. One of the nine possible experimental 
temperature-salinity combinations was chosen at random, 
and the water was prepared accordingly the day preceding 
the determination to allow time for further temperature and 
salinity adjustments. The salinity was adjusted to +l°/oo 
by adding commercial saltwater aquarium salt or well water 
to York River water filtered to 1 micron. The temperature 
was adjusted to +1°C by changing the cold room temperature, 
or, if the desired temperature was above room temperature, 
by using commercial aquarium heaters. The water bath was 
aerated vigorously to achieve oxygen saturation and 
thorough mixing.
The oxygen probes were calibrated for each run inside 
the closed animal chambers with the stirrers running. This 
procedure also supplied blank runs. Then a crab from each 
acclimation temperature was put into an animal chamber. 
Since these crabs were large, it was feasible to bind 
their legs and chelae to their bodies with rubber bands.
The procedure from this point was the same as for the sex- 
weight experiment.
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Calculations
Oxygen consumption values were computed from the 
recording chart. Time in hours and milligrams/liter 
oxygen depletion were taken from the most linear part of 
the depletion curve within the 50-100% saturation interval. 
If the crab did not deplete the dissolved oxygen to 50% 
saturation, the most consistent rate of depletion within 
the first 30 minutes of the run was used. The oxygen
consumption in microliters per gram wet weight per hour
(yl02/g per hr) was computed from the following formula:
ylO^/g per hr = mg/liter x V x 0.7 ml/mg x 1/g
x 1/hr x 1000 yl/ml
where mg/liter = oxygen depletion by the crab,
V = chamber volume - crab volume (liters), 
0.7 ml/mg = conversion factor (American Public 
Health Association, 1971),
1/g = reciprocal of crab weight,
1/hr = reciprocal of elapsed time, and
1000 yl/ml = conversion factor.
Statistical analysis for the sex-weight experiment 
was performed by IBM 1130 computer from programs compiled 
by the Department of Data Processing and Statistical 
Services of the Virginia Institute of Marine Science. 
Statistical analysis for the temperature-salinity experi­
ment was performed by IBM 360 computer from catalogued 
programs (Dixon, 1968).
RESULTS
One very noticeable result is the high variability 
of the oxygen consumption of C. sapidus for any given set 
of experimental conditions. This variability exists for 
values based on wet weight as well as on dry weight. 
Logarithmic transformation of the values in the temperature- 
salinity experiment was necessary to prevent heterogeneity 
of variance. The variability of these transformed values 
was found not to differ between wet and dry weights 
(Appendix II). For this reason and to conform with other 
oxygen consumption studies on large crustaceans, only the 
wet weight values were used in the statistical analyses.
Generally, the weight specific oxygen consumption of 
the blue crab decreases with an increase in wet weight for 
both sexes over the range of weights studied (Figs. 4 and 
5). The equations for the regression of oxygen consumption 
on weight are
log y = 2.817 - 0.342 log x; r = -0.54 2 
for females and
log y = 2.644 - 0.247 log x; r = -0.441 
for males. Although the slope of the regression line for 
the female crabs is slightly steeper than that for the
15
FIGURE 4 Log-log plot of the regression of oxygen
consumption on wet weight for male Callinectes
sapidus.
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males, analysis of covariance indicated no significant 
difference in slope (F=0.883, P>0.10) or adjusted mean 
(F=0.381, P>0.10). Therefore, the data were pooled 
(Fig. 6). The resultant regression is defined by the 
equation
log y = 2.721 - 0.289 log x; r = -0.489.
The slope was found to be significantly different from 
zero (F=33.88, P<0.01). Although the correlation 
coefficients for the regressions are relatively low, they 
are all significantly different from zero (P<0.01).
The effects of temperature and salinity on the 
oxygen consumption of C. sapidus are shown in Figure 7. 
Analysis of variance of the transformed data (Table 1) 
showed that significant effects exist at the 1% level for 
acclimation temperature, acclimation salinity, and experi­
mental temperature, and at the 5% level for experimental 
salinity. Significant interactions exist at the 1% level 
for acclimation temperature and salinity and for acclima­
tion and experimental temperature.
Although experimental salinity has a significant 
effect on oxygen consumption at the 5% level, a comparison 
of means (Table 2) showed no change in oxygen consumption 
with experimental salinity for a given temperature and 
within a given acclimation condition. The only exception 
is that in crabs acclimated to 10°C and 10°/oo and 
measured at 25°C, the value for 20°/oo is significantly
FIGURE 6 Log-log plot of the regression of oxygen
consumption on wet weight for the pooled data
from male and female Callinectes sapidus.
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TABLE 1. Four factor analysis of variance for the effects 
of acclimation temperature, acclimation salinity, 
experimental temperature, and experimental 
salinity on the oxygen consumption of Callinectes 
sapidus (**, significant at 1% level; *, signifi­
cant at 5% level; ns, not significant)
VARIATION df SS MS F
1 = Temp (Acclimation) 1 0.10195 0.10195 9.60 **
2 = Sal (Acclimation) 1 0.10648 0.10648 10 . 03 **
3 = Temp (Experimental) 2 6.57081 3.28541 309.36 **
4 = Sal (Experimental) 2 0.08444 0.04222 3 . 98 *
1 X 2 1 0.12601 0.12601 11.87 **
1 X 3 2 0.21190 0.10595 9 . 98 * *
1 X 4 2 0.02630 0.01315 1. 24 ns
2 x 3 2 0.00737 0.00369 0.35 ns
2 x 4 2 0.06480 0.03240 3.05 ns
3 x 4 4 0.00916 0.00229 0.22 ns
1 X 2 x 3 2 0.01339 0.00670 0.63 ns
1 X 2 x 4 2 0.02396 0.01198 1.13 ns
1 X 3 x 4 4 0.06962 0.01740 1.64 ns
2 x 3 x 4 4 0.00778 0.00194 0.18 ns
1 X 2 x 3 x 4 4 0.03412 0.00853 0 . 80 ns
Within 144 1.52877 0.01062
Total 179 8.98686
21
TABLE 2. Student-Newman-Keuls multiple comparison test for 
the cell means from the temperature-salinity 
experiment. Vertical bars represent equal means 
(P<0.05).
Acclimation Experimental
Temp. Sal. Temp. Sal.
(°C) (°/oo) ( C) (°/oo) Ranked Means
10 10 25 10 2.17184
10 10 25 30 2.11969
10 30 25 30 2.10965
24 30 25 10 2.02693
10 10 25 20 2.02677
10 30 25 20 2.01988
24 10 25 10 2.00653
24 30 25 20 1.98897
24 10 25 30 1.98285
10 30 25 10 1. 96651
10 10 17.5 10 1.95520
24 10 17.5 30 1.95398
24 10 17.5 10 1.94994
24 10 25 20 1.94491
24 30 17.5 30 1.92528
24 30 25 30 1.90653
24 ' 30 17.5 10 1.89983
10 10 17.5 30 1.89783
10 10 17.5 20 1.86271
24 30 17.5 20 1.83857
24 10 17.5 20 1.81764
10 30 17.5 20 1.79998
10 30 17.5 10 1.78856
10 30 17.5 30 1.78468
10 10 10 30 1.72945
10 10 10 10 1.66521
10 10 10 20 1.62000
10 30 10 20 1.57735
24 30 10 10 1.56545
10 30 10 30 * 1.56313
24 10 10 10 1.53687
10 30 10 10 1.52490
24 30 10 20 1.52177
24 30 10 30 1.50918
24 10 10 30 1.49809
24 10 10 20 1.45325
22
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lower than that for 10°/oo or 30°/oo. Since the F value 
for the salinity effect is relatively small (Table 1) and 
can be considered borderline (critical F at the 5% level 
is 3.92), and since the means are not different, it is 
probable that little, if any, salinity effect is present.
For this reason, and to simplify interpretation of the data, 
the values for the experimental salinities were pooled, 
allowing the effects within each acclimation combination 
to be represented by a single curve (Fig. 8).
The effect of acclimation salinity is most noticeable 
at the lower acclimation temperature. For a given experi­
mental temperature, the oxygen consumption of 10°C crabs 
is higher for crabs acclimated to 10°/oo than for those 
acclimated to 30°/oo. Interaction between acclimation 
temperature and salinity becomes apparent at 24°C acclima­
tion. For any given test temperature, oxygen consumption 
does not differ significantly from one acclimation 
salinity to another.
The most significant effect is that of experimental 
temperature (Table 1). Generally, the oxygen consumption 
rate increases with an increase in temperature regardless 
of the acclimation condition. A multiple range test 
(Table 3) indicated that at the 10°C acclimation tempera­
ture, regardless of acclimation salinity, oxygen con­
sumption values measured at 17.5°C are significantly higher 
than those measured at 10°C. Also, oxygen consumption
FIGURE 8. Semi-log plot showing the effects of acclimation 
temperature, acclimation salinity, and experi­
mental temperature on the oxygen consumption of 
Callinectes sapidus. Experimental salinities 
are pooled.
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TABLE 3. Student-Newman-Keuls multiple comparison test
for the cell means from the temperature-salinity 
experiment. Experimental salinities are pooled. 
Vertical bars represent equal means (P<0.05).
Acclimation Experimental
Temp. Sal. Temp.
(°C) (°/oo) (°C) Ranked Means
10 10 25 2.10610
10 30 25 2.03201
24 10 25 1.97809
24 30 25 1.97414
24 10 17.5 1.90718
10 10 17.5 1.90524
24 30 17.5 1.88789
10 30 17.5 1.79107
10 10 10 1.67155
10 30 10 1.55512
24 30 10 1.53213
24 10 10 1.49607
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values measured at 25°C are significantly higher than 
those measured at 17.5°C. For the 24°C acclimation 
temperature, regardless of acclimation salinity, values 
measured at 17.5°C are significantly higher than those 
measured at 10°C. However, values measured at 25°C are 
not significantly different from those measured at 17.5°C 
for crabs acclimated to 10°/oo and are only slightly 
higher for crabs acclimated to 3 0°/oo.
It is apparent from the above that acclimation 
temperature affects the reactions of the oxygen consumption 
of C. sapidus to the experimental temperatures. The 
oxygen consumption of crabs acclimated to 24°C is little 
affected by an increase in experimental temperature above 
17.5°C, while that of crabs acclimated to 10°C continues 
to increase with temperature above 17.5°C.
The oxygen consumption of cold acclimated animals 
tends to be higher than that of warm acclimated animals 
when measured at 10°C or 25°C, but not at 17.5°C. Mean 
comparisons showed that for animals acclimated to 10°/oo, 
oxygen consumption measured at 10°C and 25°C for cold 
acclimated animals is higher than that for warm acclimated 
animals. When measured at 17.5°C, the oxygen consumption 
rates are not different. For crabs acclimated to 30°/oo, 
the oxygen consumption measured at 25°C for cold acclimated 
animals is higher than that for warm acclimated animals.
The rates measured at 10°C are not different for the two
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acclimation temperatures and the rates measured at 17.5°C 
for cold acclimated animals are lower than those for warm 
acclimated animals.
Computed Q^q values (Table 4) for the temperature 
interval 10-17.5°C are higher for crabs acclimated to 
24°C than for those acclimated to 10°C; the opposite is 
true for the 17.5-25°C temperature interval. This in­
dicates that warm acclimated crabs are more responsive to 
temperature in the lower temperature regime while cold 
acclimated crabs are more responsive to temperature within 
the warmer regime. This phenomenon, however, seems to be 
a response of the warm acclimated animals because the 
Q^q 's for the cold acclimated animals remain relatively 
constant over the I0-24°C temperature range.
Recordings of oxygen consumption for both experiments 
reflected a tendency for blue crabs to regulate oxygen 
consumption independent of the decreasing dissolved 
oxygen in the chamber. That is, with some variation, the 
recordings of oxygen level versus time were straight lines. 
It was found that at depressed levels of dissolved oxygen, 
the oxygen consumption of C. sapidus begins to conform more 
to the oxygen level in the chamber. The change from 
regulation to conformity was observed as a break from 
linearity to curvilinearity in the recording. The mean 
break point for 14 males was 2.6 mg/1 (1.5 mg/1-4.4 mg/1), 
while that for 12 females was 2.4 mg/1 (1.3 mg/1-3.6 mg/1)
TABLE 4. Temperature coefficients (Qgo's) f°r t*10 oxygen 
consumption-experimental temperature curves from 
the temperature-salinity experiment. Experimental 
salinities are pooled. (See Fig. 8)
Acclimat ion
Temperature 
10-17.5°C
Intervals
17.5-25°C
Condition Qio’s
10°C, 10°/oo 1.99 1.87
10°C, 3 0°/oo 2. 07 2.09
24°C, 10°/oo 3.62 1.24
24°C, 3 0°/oo 3.02 1.31
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remaining oxygen. The overall mean break point was 
2.5 mg/1. There was no difference between sexes (P<0.05) 
and regression analysis indicated no significant effect 
of weight (F=0.152, P>0.10).
DISCUSSION
Variability
The high variability noted for the oxygen consumption 
rates of C. sapidus is not without precedent. Ayers (193 8) 
determined oxygen consumption for 10 blue crabs of undis­
closed size and derived values ranging from 0.83-1.39 
ylC^/g per hr. King (1965) found that the variability of 
metabolic rates determined for juvenile C. sapidus exceeded 
that for three other species from the same study. Leffler 
(1972) observed that the variability of oxygen consumption 
of juvenile C. sapidus increased with temperature until the 
values ranged over 50 ylC^/g per hr for four crabs at 34°C. 
Ranges of oxygen consumption values as great as 100 ylC^/g 
per hr between crabs and as great as 78 \ilC^/g per hr for 
the same crab under uniform conditions were reported by 
Robert (19 71).
Recently, variable activity has been suggested as 
the cause of high variation between weight specific oxygen 
consumption values found for both Panulirus interruptus 
and Cancer productus larvae (Belman and Childress, 1973) . 
Robert (1971) attempted to explain the variability of 
oxygen consumption values for the blue crab by attributing
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it to activity as well as to weight and nutrition. Thus, 
it is possible that the variability of the present sex- 
weight data is due to variable activity of the crabs, since 
they were unrestrained during the determinations. Although 
the crabs were allowed a 30-minute adjustment period prior 
to each run, it is unreasonable to expect each one of a 
large number of crabs to remain nonmotile for any length 
of time without imposed restraint. The high variability of 
oxygen consumption rates, however, was also encountered in 
the immobilized crabs from the temperature-salinity experi­
ment. This discrepancy may be explained by the observation 
that the latter crabs tended to exert tension against their 
restraints, and, therefore, could have increased their 
metabolic rates by isometric contractions. The major 
consequence in the present study would be that the metabolic 
rates determined are not all standard rates.
While variations in activity could account for part 
of the variability of the data, it is probable that other 
factors were also involved. The variability due to weight, 
indicated by the regression derived from the sex-weight 
data, accounted for nearly 25% of the total variability.
The values from the temperature-salinity experiment were not 
corrected for weight, because the variability due to weight 
over the weight range used appeared insignificant compared 
to the total variability of the data (Fig. 4).
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Natural variation could be another source of the 
observed variability. Cargo (personal communication) was 
impressed with the variability of the morphological 
features of the blue crab and thought this variability might 
be the result of salinity differences. Lynch and DuPaul 
(personal communication) have tentatively attributed the 
high variability associated with the blue crab to the 
fluctuating estuarine environment.
Other sources of variability could be effects of 
diurnal or tidal cycles, lack of precise temperature con­
trols in the sex-weight experiment, shell hardness, 
salinity changes, and inadequate adjustment to experimental 
conditions in both experiments, as well as the use of wet 
weights. During weighing, water can become trapped in the 
branchial chamber and, in some cases, actually held there 
intentionally by the crab. Variations in the amount of 
water retained among crabs could have affected the wet 
weight values, though much effort was expended to rid the 
crabs of this water.
Nutritional state has been shown to have an effect on 
the metabolism of various crabs (Roberts, 1957; Vernberg, 
1959; Marsden, et al., 1973). Robert (1971) attributed 
some of the variability of her data to differences in the 
willingness of the blue crabs to accept food. However, 
Vernberg (1959) and Marsden, et al. (1973) indicated for
Uca and Carcinus, respectively, that it takes at least a
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week for differences in metabolism between starved and fed 
crabs to become significant. The crabs used in the present 
study all had access to food within 18 hours of the oxygen 
consumption rate determinations, and it seems improbable 
that small variations in nutritional state resulting from 
varying food acceptance contributed significantly to the 
variability of the data.
Weight
The effect of weight on the metabolism of poikilo- 
therms has been given considerable attention (Prosser and 
Brown, 1961). Generally, it has been found that as weight 
increases, the weight-specific metabolic rate decreases. 
This relationship applies to both inter- and intra-specific 
comparisons and is usually best expressed as a double 
logarithmic function where
Mlog - = b 1 log W + log K,
Mwhere is the weight specific metabolism, W is the
weight of the animal, M is the total metabolism per unit 
time, b' is the slope of the regression line (b1 = b-1 
where b is the slope of the relationship between total 
metabolism and weight), and K is the Y-intercept.
For purposes of comparison, the value of b' is of 
primary importance. The average b 1 for crustaceans seems 
to be somewhere between -0.20 (Zeuthen, 1953) and -0.15 
(Scholander, et al., 1953), although the variation about
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these values is quite extensive, even intra-specifically. 
Therefore, the b' value of -0.29 found for C. sapidus, 
while more negative than the average, falls within the 
wide range of values found for Crustacea (Vernberg, 1959; 
Gilchrist, 1956; Rao and Ganopati, 1969; Madanmohanrao and 
Rao, 1962; Barnes and Barnes, 1969; Rao, 1958). It also 
corresponds well with values exhibited by other Brachyura 
(Teal, 1959; Vernberg, 1959; Roberts, 1957; Madanmohanrao 
and Rao, 1962; Leffler, 1972; Weymouth, et al., 1944).
According to Prosser and Brown (1961), interpretations 
of size correlations of metabolism are difficult. The fact 
that b' values for Crustacea generally fall between -0.33 
and zero makes interpretation more difficult, because it 
is not known if these values are dependent on the weight 
of the metabolically active tissue, the surface area, or 
both (Leffler, 1973). Meaningful interpretations of the 
b' values would be possible by more research on the 
determination of the mechanisms responsible for the effects 
of such variables as temperature and salinity on the 
weight-metabolism relationship.
Sex
In the few cases studied, the effect of sex on 
metabolic rates in Crustacea has been shown to be 
negligible, except in cases of extreme morphological dif­
ferences between sexes. Edwards and Irving (1943a) found
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that male Emerita talpoida have higher oxygen consumption 
rates than females, but attributed the difference to the 
smaller size of the male. Talorchestia megalopthalma 
exhibits no sexual differences in metabolic rate (Edwards 
and Irving, 1943b). Gilchrist (1956) claimed that the 
rate of oxygen consumption of male Artemia salina is dif­
ferent from that of females in relation to salinity, but 
morphological changes caused by changes in salinity may be 
involved. Vernberg (1956) determined the oxygen consumption 
rates of gill tissue and midgut gland of Callinectes 
sapidus and found no differences between sexes for either 
tissue. It is consistent therefore that no sexual dif­
ferences were found for whole animal oxygen consumption 
rates in C. sapidus. Apparently, any differences in 
sexual morphology and development in the blue crab are 
not significant enough to affect its metabolic rate.
Salinity
The failure of the metabolism of C. sapidus to re­
flect experimental salinity effects is atypical when 
compared to results from studies on some Crustacea (Poat, 
et al., 1971; Lance, 1965; Madanmohanrao and Rao, 1962; 
Flemister and Flemister, 1951; Kutty, et al., 1971; Rao, 
1958), but such a lack of an effect is not unique, even 
among decapods (Madanmohanrao and Rao, 1962). This lack 
of a salinity effect seems to contradict results of King
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(1965), who observed that oxygen consumption of whole 
C. sapidus increases with a decrease in salinity. However, 
she used immature crabs, and it has been shown that adult 
and immature blue crabs can differ in their reactions to 
changing salinities (Tagatz, 1971). Also, metabolic dif­
ferences between large and small animals in response to 
varying salinities exist for other Crustacea (Madanmohanrao 
and Rao, 19 62).
The effect of salinity acclimation on the oxygen con­
sumption of C. sapidus is similar to that observed by 
Dehnel (1960) for Hemigrapsus nudus in that there is an 
interaction with acclimation temperature. H. nudus was 
tested at only one temperature (10°C), and it was found 
that cold acclimated crabs respire more at low acclimation 
salinities while warm acclimated crabs respire more at 
high acclimation salinities. Figure 8 shows that at 10°C 
this tendency is present for C. sapidus, but no acclimation 
salinity effect at high acclimation temperatures is evident. 
The similarity in the two species is further upset by the 
fact that H. nudus shows no acclimation salinity effect at 
higher experimental temperatures.
Other interactions similar to those described for 
C. sapidus and H. nudus are not known to exist. However, 
both the lack of a response to acclimation salinity and 
the lowered metabolic rate with increased acclimation 
salinity demonstrated by the blue crab have been shown
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separately for other Crustacea (Kinne, 1967). Significantly, 
the literature indicates that some temperature dependence 
of the responses of these Crustacea to acclimation salinities 
similar to that demonstrated by C. sapidus may be present. 
Generally, no response to acclimation salinity seems to be 
associated with high acclimation temperatures (Gilchrist, 
1956; McFarland and Pickens, 1965; Kutty, et al., 1971) but 
a response does seem to be associated with low acclimation 
temperatures (Dehnel, 1960).
Aside from geographical and habitat considerations, 
Dehnel (1960) offered no physiological explanation for the 
acclimation temperature, acclimation salinity interaction 
observed for H. nudus. In the present study, it is 
tempting to attribute the interaction observed for CL 
sapidus to accumulated temperature and salinity stresses as 
well as to differing time courses and/or degrees of 
acclimation to the salinities as a function of the 
acclimation temperatures. However, it is difficult to 
reconcile the lack of acute salinity effects to these 
hypotheses.
It has been suggested that the effects of salinity 
on metabolism can be explained by differences in required 
osmotic work at different salinities (Flemister and 
Flemister, 1951; Dehnel, 1960; Lance, 1965). This theory 
has been refuted by Potts and Parry (1964) who argued that 
the metabolic demands of ion transport cannot explain the
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magnitude of the enhanced metabolic rates found in animals 
transferred to dilute sea water. Rather, most of the 
increase in metabolic rate takes place in tissues not 
performing osmotic work. Evidence to this effect has also 
been offered by Lofts (1964), King (1965), Kutty, et al. 
(1971), Poat, et al. (1971), and more recently, by Siebers,
et al. (1972).
Callinectes sapidus has been shown to be a hyper­
osmotic regulator in up to about 80% sea water (Tagatz, 
1971). Therefore, the lack of an acclimation salinity 
effect on the metabolism of the crab acclimated to high 
temperatures as well as the lack of an acute salinity 
effect illustrates that the amount of work involved in 
osmoregulation is probably not sufficient to account for 
increased metabolic rates. At least on the basis of re­
quired osmotic work, the responses or lack of responses 
to acute and acclimation salinity changes observed for 
the blue crab are not anomalous.
Alternatively, the presence of activity differences 
in abnormal salinities has been offered as an explanation 
for the effects of salinity on metabolic rates (Gross,
1957; Vernberg and Vernberg, 1972). Dehnel (1960), 
however, has cited evidence which shows that the metabolic 
rates of even sessile animals can be affected by salinity 
changes. Furthermore, he indicated that while the oxygen
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consumption of Mytilus is higher at low salinities, the 
mechanical activity of its gill cilia and the frequency of 
its heartbeat are lower. Therefore, attempts to explain 
salinity effects on metabolism on the basis of activity 
changes are questionable.
The observed effects of salinity on metabolism of the 
blue crab appear to support the latter contention. If 
activity is responsible for salinity effects, then the 
crabs in the present study should have shown no salinity 
effects, since they were immobilized. However, acclimation 
to salinity did affect the metabolism of the crabs. The 
involvement of isometric tension against the restraints is 
unlikely because experimental salinity had no effect. In 
addition, no differences in activity between 10°/oo and 
30°/oo acclimated crabs were noticed in the holding tanks 
at the same temperature. This was especially noticeable 
for the crabs held at 10°C, where no activity was observed. 
It is at this low acclimation temperature that the effect 
of acclimation salinity on the metabolism of the crab 
occurs.
Another explanation for the effects of salinity on 
metabolism involves changes in cellular hydration.
Schlieper (Remane and Schlieper, 1958; c.f. Potts and 
Parry, 1964) has suggested that the effects of salinity 
on the metabolic rates of brackish water animals might be
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the result of changes in the hydration of the tissues and 
subsequent effects on enzyme activity. King (1965), however, 
has discounted cellular hydration changes as the cause for 
metabolic changes in excised gills of C. sapidus because 
she found hydration changes to be consistent while 
metabolic rates are highly variable between crabs.
Thus, while many hypotheses have been offered to 
explain the effects of salinity on the metabolism of 
Crustacea, no single one has really been satisfactory.
It also appears as if none of the more popular explanations 
is compatible with the results obtained from the present 
study. It must therefore be assumed that either another 
factor, different from those already investigated, is 
responsible, or, more probably, that more than one factor 
is involved (Kinne, 1971).
Temperature
In general, the metabolic rates of crustaceans in­
crease with temperature when measured over a range of 
experimental temperatures (Prosser and Brown, 19 61;
Wolvekamp and Waterman, 1960; Kinne, 19 70; Vernberg and 
Vernberg, 1972). This is also true for C. sapidus. The 
only exception is that within the higher temperature 
interval, the metabolic rates of the warm acclimated crabs 
are largely unaffected. Such temperature insensitive 
metabolism has been found for other Brachyura (Vernberg,
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1959; Vernberg and Vernberg, 1972) as well as for barnacles 
(Barnes and Barnes, 1969). The occurrence of this rela­
tively temperature insensitive metabolism for warm- 
acclimated blue crabs lends support to Vernberg and Vernberg1s 
(1969) observation that the thermal range of metabolic 
insensitivity to temperature usually coincides with the 
temperature regime of an animal’s habitat. On this basis, 
the cold acclimated blue crabs should have shown metabolic 
temperature insensitivity within the lower temperature 
interval. This did not occur and reflects a pattern re­
ported by Barnes and Barnes (1969) for Balanus.
Since they were captured from water with a temperature 
close to that used in the laboratory, the warm acclimated 
crabs were probably unaffected by further temperature 
acclimation. It is possible, however, that longer acclima­
tion to the cold temperatures is necessary to approximate 
what Vernberg and Vernberg (1969) consider to be habitat 
temperature. While Robert's (1971) time criterion for 
acclimation to temperature, which was based on oxygen 
consumption studies, was used in this study, Tagatz (1969) 
has suggested on the basis of thermal tolerance studies 
that temperature acclimation in the blue crab takes 
considerably longer.
In support of Tagatz (1969) are the effects of 
acclimation temperature on the metabolism of the blue crab.
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While the effects of acclimation salinity make interpreta­
tion of the acclimation temperature effects difficult, it 
is notable at 10°C and 17.5°C that some of the metabolic
rates for the cold acclimated animals are not higher than
o
those for the warm acclimated animals. However, at 25 C 
the rates for cold acclimated animals are higher regardless 
of salinity. This indicates that acclimation to cold was 
incomplete in the classical sense, where cold acclimated 
animals characteristically show higher metabolic rates 
than warm acclimated animals at any experimental temperature 
(Prosser and Brown, 1961). It is evident, however, that 
some temperature acclimation has occurred with reference 
to the lower experimental temperatures because some rotation 
of the curve has occurred, though in a direction opposite 
that at the higher experimental temperatures.
It is possible that C. sapidus never completely 
metabolically acclimates to cold temperatures. This has 
been indicated previously on the basis of cytochrome 
C oxidase activity by Vernberg and Vernberg (1968). Robert 
(1971) found that the blue crab does not show the classic 
higher rate function of cold acclimated animals over warm 
acclimated animals at intermediate temperatures. This 
finding closely parallels the results from the present 
study. It is possible that these two authors did not allow 
enough time for complete acclimation to temperature.
However, cold acclimated animals in the laboratory as well
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as animals collected from the field in winter exhibited 
cold torpor, and Bullock (1955) has observed that where 
seasonal (temperature) acclimation is absent, an animal is 
usually immobilized by cold.
Thus, it is possible that the cold acclimated animals 
do not show any temperature independent metabolism at low 
experimental temperatures because they were not completely 
acclimated to cold. It is notable, however, that while this 
temperature independent metabolism is absent, the cold 
acclimated crabs have lower Q]_q !s at the higher experimental 
temperatures and higher Q]_q 's at the higher experimental 
temperatures than the warm acclimated crabs.
Another explanation is that the experimental tempera­
ture intervals are too large to show the range of tempera­
ture independent metabolism for the cold acclimated crabs 
(Vernberg, 1959). This range could conceivably be smaller 
than that for warm acclimated animals or in a different 
position relative to the experimental temperatures than 
that for the warm acclimated animals.
Another possibility which must be considered is that 
cold acclimated crabs simply do not show a range of tempera­
ture independent metabolism over any range of temperature, 
regardless of the degree of acclimation. Certainly, much 
of the literature dealing with the effects of temperature 
on the metabolism of other Crustacea demonstrates no 
such effect (e.g. Hagerman, 1970; Kutty, et al., 1971;
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Barnes and Barnes, 1969; Scholander, et al. , 1953; Vernberg 
and Vernberg, 1972). However, again, it is possible that 
these and other studies would show a range of temperature 
independent metabolism if the experimental temperature 
intervals were shortened.
Newell and Northcroft (196 7) and Halcrow and Boyd
(1967) have suggested that increases in metabolic rate 
associated with increases in temperature are the result of 
changing levels of activity and that "resting" metabolism 
is largely temperature independent. Tribe and Bowler
(1968) have convincingly challenged this hypothesis on the 
basis of literature, experimental techniques, and the fact 
that temperature independent "resting" metabolism may really 
reflect anaerobic metabolism. Activity was probably not 
responsible for the metabolic responses to temperature 
observed for the blue crab, because the crabs were im­
mobilized. This contention is supported by Newell (19 66) 
who noted that permanently immersed poikilotherms do not 
seem to show temperature independent "resting" metabolism. 
For this reason, it would also be difficult to attribute 
the temperature effects to isometric activity in the 
immobilized crabs.
Oxygen
Amberson, et al. (1924) indicated that Callinectes 
sapidus is an oxyconformer. However, the recordings from
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the present study show that the blue crab is more an 
oxyregulator until a critical low level of oxygen is reached, 
at which point it becomes an oxyconformer. This critical 
level compares very well with critical levels found for 
two species of lobster (Winget, 1969; Nimura and Inoue,
1969). Although it was not observed, it is suspected that 
the regulation of oxygen uptake is carried out by an 
increase in ventilation rates as the oxygen tension of the 
water decreases. In this case, the critical oxygen level 
is probably the level at which maximum ventilation cannot 
compensate for the lack of oxygen tension. It is also 
possible that some circulatory modification to facilitate 
withdrawal of oxygen from the water also occurs as ambient 
oxygen levels decrease.
While the blue crab appears to change from an 
oxyregulator to an oxyconformer at low levels of dissolved 
oxygen, it should be understood that this change, though 
easily detected, is relative. At higher dissolved oxygen 
levels, the blue crabs are fairly efficient, but imperfect, 
oxygen regulators. Indeed, Mangum (1970) asserts that 
oxygen regulation is often imperfect and that oxygen 
consumption is influenced to some extent over the entire 
pC>2 range.
SUMMARY
1. The rate of oxygen consumption of the blue crab 
exhibits a high degree of variability.
2. The weight-specific oxygen consumption of the blue 
crab decreases as wet weight increases.
3. Under the conditions of the study, no differences in 
oxygen consumption were found between male and female 
blue crabs.
4. The crabs are little affected by acclimation to salinity 
at higher acclimation temperatures. Crabs acclimated
to 10°/oo have higher oxygen consumption rates than 
30°/oo crabs when acclimated to lower temperatures. 
Experimental salinity has little or no effect on the 
oxygen consumption of the crab.
5. The oxygen consumption of the crabs generally increases 
with increasing experimental temperature. Warm 
acclimated crabs, however, show a relatively temperature 
independent metabolism at higher experimental tempera­
tures. Acclimation to cold temperatures seems to be 
incomplete, because the oxygen consumption of the cold 
acclimated crabs is not higher than that of the
warm acclimated crabs at all experimental temperatures.
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6. The crabs regulate their oxygen uptake relatively
independent of the dissolved oxygen supply down to an 
average critical level of 2.5 mg/1, which is unaffected 
by sex or weight.
APPENDICES
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